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Objective: To compare serologic methods and detection of urinary antigen in the diagnosis of community-acquired 
pneumonia. 
Methods: Paired sera from 84 patients with community-acquired pneumonia were tested for Legionella pneumophila 
serogroup (LP SG) 1-7 and Legionella micdadei by use of the indirect immunofluorescence antibody test (IIF), enzyme- 
linked immunosorbent assay (ELISA) for LP SG 1-7 and complement-fixation (CF) test for LP SG 1. All patients were 
evaluated by ELISA urinary antigen detection for LP SG 1. 
Results: Seven patients met the CDC criteria for acute Legionella infection, while in the rest of them we failed to  detect 
urinary Legionella antigen. Thirty-three patients had non-diagnostic IIF antibody titers. Serum ELISA (IgG and/or IgM) 
was positive in 40 patients. Nine patients showed at least one CF titer of 21 :32. The sensitivities of ELSA IgM for the 
first and the second serum samples compared with IIF were 42.8% and 46.6%, respectively, while the specificities were 
higher, i.e. 87% and 88.4%, respectively. The sensitivities of €LISA IgG for the first and the second samples were 42.8% 
and 53.3%, and the specificities were 77.9% and 76.8%, respectively. 
Conclusions: Although ELISA is simple to perform and easy to automate, we think that its advantages over indirect 
irnmunofluorescence and urinary antigen detection remain questionable. 
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Legionellae are recognized as agents causing com- 
munity-acquired pneumonia (CAP) and nosocomial 
pneumonia in 5520% of patients. The disease has a 
severe course, especially in immunocompromised 
patients. Confirming the diagnosis as soon as possible 
is therefore of primary importance [l-51. In approx- 
imately 80% of patients with pneumonia, the diagnosis 
is readily confirmed by urinary antigen detection [6-81. 
Cultivation of Lexionella from respiratory secretions 
has low sensitivity [9]. The indirect immunoflurescence 
test (IIF) is the most frequently used diagnostic method. 
Only about 6% of patients show high specific antibody 
titers in the first week of illness [lo]; most patients 
develop them 4-6 weeks after onset, but in some cases 
antibodies can never be detected [6]. 
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Other tests, such as microagglutination and enzyme- 
linked immunosorbent assay (ELISA), are also used 
[l l-131. A complement-fixation (CF) test is available 
commercially, although a comparative evaluation of this 
test with others does not seem to have been done. In 
our study, we compared the results of testing paired sera 
from patients with CAP by IIF, ELISA and CF test. 
All patients had urine specimens tested for LP SG 1 
antigen. 
MATERIALS AND METHODS 
Adult patients admitted with CAP were included. The 
enrolled patients were older than 15 years, and fulfilled 
clinical, laboratory and radiologic criteria for CAP. 
Only patients with urinary antigen results and paired 
sera taken at least 4 weeks apart were included in the 
study. The first serum and urine specimens were 
collected at  the beginning of the hospital stay, while the 
second sampling was done 28-87 days after the onset 
of symptoms (mean 39.7 days, median 36 days). The 
diagnosis of legionnaires' disease was confirmed by a 
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fourfold rise in the IIF antibody titer to at least 1 : 128, 
and/or urinary antigen detection [14]. 
Indirect immunofluorescence 
The IIF method recommended by the CDC was used 
to determine total IgG and IgM antibohes to heat- 
inactivated antigens of L. pneumophila, serogroup 1-7 
(LP SG 1-7) and L. micdadei in paired sera [15]. 
Enzyme-linked immunosorbent assay (ELISA) 
The ELISA classic system (Virion-Serion, Wiirzburg, 
Germany), which is an indirect ELISA technique, was 
employed for the determination of specific IgG and 
IgM antibodies for LP SG 1-7. The assay is used for 
qualitative detection (with the results expressed in 
extinction) and/or quantitative (units per mL) detection 
of specific antibodies in serum. The borderline results 
for IgG and IgM were 30-40 U/mL and 70-90 U/mL, 
respectively. Sera yielding borderline results were con- 
sidered as negative. 
Complement-fixation test (CF) 
We used complement and antigen LP SG 1 produced 
by Virion-Serion. The test was performed according to 
the manufacturer’s instructions. 
Urinary antigen 
An ELISA test was used for detection of a soluble 
urinary antigen LP SG 1. A commercially available kit 
(Binax, Portland, Oregon, USA) was used as specified 
by the manufacturer. A ratio of 23 compared to the 
duplicate test samples with a negative control was 
considered positive [16]. Any sputum samples collected 
were not submitted for Legionella culture. 
positive blood cultures (Streptococcus pneumoniae and 
Escherichia colQ. Sixteen patients had no corresponding 
serologic results: eight showed high IIF antibody titers 
(1 : 256 or 1 : 512), but low IgG and/or IgM levels by 
ELISA. One of them had a confirmed diagnosis of Q 
fever, two had Chlamydia pneumoniae pneumonia, while 
in the remainder we failed to identie any other possible 
causative agents. Two patients had high IgG and/or 
IgM antibodies but results from the paired sera differed, 
and six showed strong seroconversion by ELISA in the 
presence of low or negative IIF titers. Three of these 
eight patients had diagnostic C. pneumoniae titers, one 
had ornithosis, and in one Mycoplasma pneumoniae was 
identified by serologic testing. 
Table 2 shows the sensitivity and specificity of 
ELISA IgG and IgM for the first and the second serum 
samples as compared to IIE 
Overall, there were nine patients with CF 21: 32, 
but only four of them were patients with acute 
legionellosis. The remaining five patients did not have 
acute legionellosis accordmg to CDC criteria. In two 
of them, one serum sample yielded a CF titer of 1 : 256, 
while the IIF and ELISA results were negative. One 
patient had a CF titer of 1 : 256 and a high IIF antibody 
titer (1:512) in both serum samples, but showed 
negative ELISA antibody levels (Tables 3 and 4). Two 
patients had low CF titers (1: 64, 1: 32). 
Table 1 Comparison of non-hagnostic antibody titers by 
IIF with antibody titers by ELISA for legionellae in paired 
sera of patients with CAP 
ELISA 
Statistical analysis 
The specificity and the sensitivity of ELISA were 
determined on the basis of the IIF results. The 
sensitivity was defined as the number of positive 
samples obtained by both methoddtotal number of 
positive samples, and the specificity as the number of 
negative samples yielded by the two methoddtotal 
number of the negative samples tested. 
RESULTS 
Eighty-four patients, 45 males and 39 females, were 
included in the study. Seventy-seven of the 84 patients 
showed no fourfold rise in the IIF antibody titer, and 
had no urinary antigen detected. Fifty-seven had 
negative or low (nondiagnostic) IIF antibody titers 
( I l :  128) and low IgG and/or IgM levels (less than a 
double cut-off point). In four patients, high titers were 
detected by both methods (Table 1). Two of them had 
Low High Rising 
IIF Negabve IgM/IgG IgM/IgG IgG/IgM c 
Negative 30 10 0 4 44 
1:64 3 3 2 2 10 
1: 128 4 7 0 0 11 
1:256 5 2 1 1 9 
1: 512 1 0 2 0 3 
c 43 22 5 7 77 
Table 2 The sensitivity and the specificity of ELISA IgG 
and IgM as compared with IIF in the first and the second 
serum samples 
~ 
Sensitivity Specificity 
ELISA (“A) (%) 
IgMi 42.8 87 
IgMz 46.6 88.4 
IgGz 53.3 76.8 
IgGi 42.8 77.9 
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Seven patients (8.3%) were found to meet the 
CDC criteria defined as acute legionellosis. The results 
Table 3 Comparison of ELISA with CF test 
CFT 
are indicated in Table 5. Demographic and some 
clinical data are presented in Table 6. 
Sensitivity and specificity of the urinary antigen 
test for Legionella pneumophila SG 1 were 83.3% and 
Negative Positive 
ELISA (21:32) 
Negative 40 4 
Low IgM/IgG 23 0 
High IgM/IgG 4 1 98.7%, respectively. 
Rising IgM/IgG 8 4 
c DISCUSSION 
Indirect immunofluorescence is a serologic method 
used as a criterion for confirmation of acute 
legionellosis. Because of a paucity of studies using other 
75 9 
Table 4 Comparison of IIF with CF test 
CFT 
IIF 
Negative Positive 
(>1:32) 
Acute legionellosis 2 
Negative 43 
1 : 64 9 
1 : 128 11 
1 : 256 8 
1 : 512 2 
c 75 
- 
serologic assays, the results are difficult to interpret. Our 
study involved only those CAP patients who had paired 
sera tested by three different serologic methods and in 
whom urinary antigen detection for LP SG 1 was 
performed. 
Only 8.3% of patients had legionellosis, while in 
the remaining 77 patients, legionella infection was 
reliably ruled out by negative urinary antigen results. 
In our study, the sensitivity of ELSA was low 
compared with IIF used as a standard method, while its 
specificity was higher and reached 76.8-88.4%. The  
interpretation of Legionella antibody titers occuring 
Table 5 Serologic results of paired sera and urinary antigen detection in patients with CAP who had a confirmed magnosis 
of acute legionella infection by CDC criteria 
ELISA ELISA ELSA ELISA Urinary 
Patients IIF 1 IIF 2 IgGi IgMi IgG2 IgM2 CFT 1 CFT 2 analysis 
1 Negative 512 Positive Positive Positives Positive 32 31 + 
1 Negative 512 Positive Positive Positive Positive Negative 32 + 
3 Negative 256 Negative Negative Negative Negative Negative Negative + 
4 Negative 128 Positives Negative Negative Negative Negative Negative - 
5 256 1024 Positive Positive Positive Positive Negative 256 + 
6 Negative 512 Positive Positive Positive Positive Negative 32 + 
7 Negative Negative Negative Negative Negative Negative Negative Negative + 
Table 6 Demographic and some clinical data of patients with confirmed legionellosis 
Age Chronic Days of Treated 
No. (years) Sex diseases Smoker Antibiotic hospitalizaation in LCU 
1 7u F 0 No Amoxycillin/clavulanic acid 33 
2 30 M Alcoholism Yes Midecamycin 7 
4 32 F 0 No Clarithromycin 5 
6 311 M 0 No Cefuromme, erythromycin 30 
7 47 M Alcoholism Yes Cefotaxime, erythroniycin 98 
3 68 F 0 Yes Clarithromycin 6 
5 40 M Hypertension, asthma Yes Cefuroxime, erythromycin 26 
"The patient was revived shortly after admission and artificially ventilated for 3 weeks. 
F, female: M, male; ICU, intemive care unit. 
Ye\ 
No 
No 
No 
No 
Yes 
Yes" 
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erratically still poses some problems, and the role of 
elevated antibody levels in a single serum sample is 
unclear. Two surveys on the seroprevalence of Legioriella 
showed positive antibody titers of 21 : 128 in 36% of the 
healthy population [17,18]. False-positive results may 
be caused by cross-reactions with Gram-negative 
bacteria [19,20]. On the other hand, some patients 
never seroconvert, despite culture-confirmed legionel- 
losis [lo]. Fotos, who used ELISA to detect antibodies 
for L. pneurnophifu, Lmicdadei and L. bozernanii, found 
that healthy medical personnel had a higher percentage 
of positive results than a non-medical healthy popul- 
ation [12]. In the latter group, the proportions of 
individuals with high IgG and high IgM titers were 8% 
and lo%, respectively. Farshy determined IgG and IgM 
titers using a modified ELISA assay in 35 patients who 
had a diagnosis of legionellosis confirmed by positive 
cultures, and in 135 healthy persons [ll]. Very low 
titers were found in 97% of healthy persons, and 
elevated titers in 74.3% of patients with legionellosis. 
L. pneumophila serogroup 1 is the most commonly 
isolated agent, while other legionellae are recovered 
only rarely [21]. Therefore, the lower sensitivity of the 
ELISA was not a consequence of a lack of detection of 
antibodies to L. micdadei. The diagnosis of acute 
legionella infection was confirmed only in a few 
patients. In one patient with a positive urinary antigen 
result, no specific antibodies were detected, regardless 
of the method used. In one patient showing a fourfold 
increase in antibody titers and positive urinary antigen 
results, no specific IgG or IgM were found by ELISA. 
Although ELISA is simple to perform and easy to 
automate, we think that its advantages over other 
&agnostic methods remain questionable. 
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